Thoracic aortic aneurysm (TAA) is a progressive disorder involving gradual dilation of ascending and/or descending thoracic aorta with dissection or rupture as complications. It occurs as sporadic or defined syndromes/familial forms.Genetic, molecular and cellular mechanims of sporadic TAA forms are poorly characterized and known. Thus, our interest has been focused on investigating the role of genetic variants of transforming growth factor-(TGF-) pathways in TAA risk. On the other hand, no data on the role of genetic variants of TGF-pathway in sporadic TAA exist until now. In addition, other cytokines, including IL-10, orchestrate TAA pathophysiology. Their balance determines the ultimate fate of the aortic wall as healing atherosclerosis or aneurysm formation. Thus, in this paper it was analyzed the role of ten polymorphisms of genes encoding TGF-isoforms and receptors, and IL-10 in sporadic TAA. Our study included cases affected by sporadic TAA and two control groups. The most relevant finding obtained allows us to propose that rs900 TGF-2 SNP is associated with sporadic TAA in women. This might open new perspectives for the analysis of sporadic TAA susceptibility factors and prevention.
Introduction
Thoracic aortic aneurysm (TAA) is a pathological widening of aorta resulting from degeneration of the extracellular matrix and loss of smooth muscle cells in the tunica media. TAA has different etiological causes, including monogenic syndromes (such as Marfan and Loeys-Dietz syndromes), bicuspid aortic valve (BAV) disease, and idiopathic causes [1, 2] .
The pathogenesis of TAA in monogenic syndromes has been extensively studied [3] . The attested evidence, indeed, suggests the deregulation of transforming growth factor-(TGF-) signaling characterized by its enhanced function and damaged TGF-receptors as their common and typical feature [4, 5] .
The TGF-family is constituted by TGF-1, TGF-2, and TGF-3 members, which are pleiotropic secreted cytokines having a broad spectrum of biologic functions. Among these, the TGF-1 has numerous cellular functions, including cell growth, cell proliferation, cell differentiation, and apoptosis. In humans, TGF-gene product's effects can stimulate or inhibite cell growth depending cellular and tissue targets. TGF-1 can modulate cell differentiation and proliferation in auto-or paracrine manner [6] . In vascular smooth muscle cells, TGF-can upregulate fibronectin and connective tissue growth factor expression via activation of small mothers against decapentaplegic (Smad) proteins [7] . As a consequence, it can promote the deposition of components of extracellular matrix (ECM) [8] . Furthermore, its action depends on the interaction with specific receptors, such as TGF-receptor (TGF-R) I and TGF-RII, glycoproteins of 55 kDa and 70 kDa, respectively, with core polypeptides of 500-570 amino acids [9] . TGF-actually is considered as a crucial player in vascular remodelling, able to alter both structure and ECM composition. In Marfan syndrome, the fibrillin-1 gene mutations seem to influence the bioavailability of active TGF-. In addition, mutations in the TGF-receptors also impair the signalling cascade in other Marfan syndrome related disorders, including Loeys-Dietz syndrome, familial TAAs, and aortic dissection. Furthermore, mutations in Notch gene homolog 1 (NOTCH1) and Notch1 pathway, mainly identified in TAA patients with BAV, seem to influence TGF-crosstalk [10] .
In contrast, molecular and genetics mechanisms of the nonfamilial TAA forms, representing the major number of cases of TAAs, remain largely unknown [11] . Different roles of TGF-pathways in tissue remodelling mechanisms have been reported in both sporadic thoracic and abdominal aneurysms [8] . In particular, both loss and gain of functional TGF-signalling have been described as predisposing factors for both sporadic TAA development and dissection. The paradoxical effect of TGF-leading to enhanced connective matrix degradation through metalloproteinase activation has been principally observed in the nonsyndromic cases of familial TAAs and dissection [4] . In addition, TGFBR1 and TGFBR2 losses induced by functional mutations have been associated with both familial syndromic and nonsyndromic TAAs [12] [13] [14] . This altered condition of TGF-signalling has been demonstrated to induce unusually the activation of TGF-mediated connective matrix degradation [4] .
Furthermore, vascular remodelling, characterising both sporadic thoracic and abdominal aneurysm, seems prevalently to be the result not only of TGF-pathways, but also of upregulation of multiple cytokines, including interleukin-10 (IL-10), an anti-inflammatory cytokine able to modulate activity of TGF-pathways. A large variety of immune and tissue aorta cells evocate the typical aorta abnormalities of thoracic and abdominal sporadic aneurysms. The balance of cellular type and resultant cytokine milieu determines the ultimate fate of the aortic wall healing, atherosclerosis, or aneurysm formation. In the complex scenario, another crucial factor is the genetics propensity [15, 16] . Polymorphisms of IL-10 gene have been associated with abdominal aneurysms, while no data exist in literature about their role in sporadic thoracic aneurysms [17] [18] [19] [20] .
Based on these observations, in this paper we sought to analyse the role of some common single nucleotide polymorphisms (SNPs) of genes encoding TGF-isoforms and receptors, and IL-10 and receptor in sporadic TAA. On the other hand, no literature data on the role of genetic variants of TGF-and IL-10 pathways in sporadic TAA exist until now. Table 1 ).
Materials and Methods

Patient and Control
Patients and controls belonged to the same ethnic group, since their parents and grandparents were born in Sicily. Healthy control age was significantly lower respect to that of the two groups of patients and hypertension characterised the 79% of all patients, opportunely treated with medications like ACE inhibitors and beta-blocker, and so forth during the follow-up and after surgical procedures (Table 1) .
Our study received approval from local ethic committee and all participants gave their informed consent. Data were encoded to ensure privacy protection of patients and controls. All laboratory procedures were performed without knowledge about nature of material. Table 2 , we selected ten functional and common SNPs of IL-10 and TGF-pathways located in the promoter region, codifying and noncodifying sequences and 3 UTR region. Information about these SNPs was acquired from dbSNP NCBI, the ENSEMBL database (http://www.ensembl.org/index.html), and the UCSC Genome Browser website (http://genome.ucsc.edu/). The allelic and genotypic frequencies of TGF-and IL-10 SNP pathways were detected through the assays on demand developed by KBioscience Ltd. (Middlesex, UK) and based on a homogeneous Fluorescence Resonance Energy Transfer (FRET) detection and allele specific PCR (Kaspar). Briefly, two specific oligonucleotides were designed for each allele of the SNPs studied. Each one of these oligos was tailed with an 18 bp sequence distinct from each other. Taq polymerase, dNTPs, an internal standard dye (rhodamine X, Rox), and reverse primers were included. In addition, the KBioscience modified versions of Taq polymerase are unable to extend primers characterised to be mismatched at their 3 terminal base. This property was used to discriminate the two alleles. The reaction was monitored by the fluorescence signals released by two other FRET reporter oligos included in the reaction mixes. The endpoint fluorescence emission was detected on an ABI-Prism 7300 Real-Time PCR Analyzer (Applied Biosystem, USA). The genotypes were determined using the 7300 system SDS software, versus 1.3 (Applied 
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Analysis of the Frequencies of Ten SNPs in Our Population.
Literature data have evidenced the association of the IL-10 and TGF-SNPs with sporadic TAA and other cardiovascular diseases [4, 8, [12] [13] [14] [17] [18] [19] [20] . The analysis of genotype frequencies of all SNPs examined with respect to the expected results was executed confirming that all populations were in Hardy-Weinberg equilibrium, with the exception of rs334349 genotype distribution (Table 3) in TAA patient group. The analysis of IL-10 and IL-10RB gene SNPs does not allow finding significant differences in genotype frequencies among the three populations examined (Table 3) . Comparing genotype distributions and allele frequencies of the five TGF-pathway SNPs selected in our study between cases and the two control groups, significant differences were observed only for TGF-2 rs900 polymorphism (see Table 4 ). Its frequency was significantly different in TAA patients than to both control patients ( = 0.047) and healthy controls ( = 0.0059) ( Table 4 ). In particular, the AA genotype of TGF-2 rs900 SNP had a reduced frequency in the TAA patients, which contrarily showed an increased frequency of TT genotype.
These results were confirmed by logistic regression analyses of dominant and recessive models performed between TAA patient and control groups (Table 5) . Interestingly, the data obtained through comparisons between both control patients and healthy controls for dominant model and comparisons with the last group for recessive model evidenced that the presence of A allele in homo-or heterozygosis seems to be significantly protective against TAA.
Since the incidence of TAA is higher in men than in women with precisely a ratio of 3 : 1 [12] , we assessed the rs900 TGF-SNP frequencies according to gender. Comparing the data, we observed significant differences in genotype distribution of the rs900 SNP in women, whereas no significant differences were detected in men (Table 6 ). In particular, the AA genotype was significantly decreased in women affected by TAA with respect to both women of control patient group ( = 0.0076) and health control group ( = 0.0003). The TT genotype was reciprocally significantly increased ( = 0.0027). Thus, altogether these data emphasize cotemporally the gender related protective role of AA genotype for TAA and the increased susceptibility for TAA in individual's carriers of TT genotype (Table 6 ). When we perform a logistic regression analysis adjusted for gender, the significant differences of AA genotype frequency between patients and subjects of the two control groups ( = 0.003) and particularly between patients and healthy controls ( < 0.0001) were confirmed.
Discussion
Risk factors involved in developing aneurysms are similar to those for heart disease, including atherosclerosis, hypertension, smoking, advanced age, and family history. However, the lack of aneurysm-specific symptoms often renders them unnoticed until the aorta ruptures associated with significant morbidity and mortality [1, 2, 13] .
TAA development proceeds as a multifactorial process influenced by both cellular and extracellular mechanisms, resulting in alterations of structure and ECM composition [1, 2] . Recent evidence underlines the deregulation of TGFsignalling in ascending TAAs from syndromic (Marfan syndrome, Loeys-Dietz syndrome, and Ehlers-Danlos syndrome) and not syndromic TAA patients as well as in TAAs from cases affected by familial TAAs and dissections [14] . TGF-isoforms are produced by multiple cellular types and participate in a wide array of cellular responses including proliferation, angiogenesis, differentiation, apoptosis, inflammation, and wound healing [21] . Of the three TGFisoforms, their role in matrix deposition (e.g., collagen synthesis) related to fibrotic disease is particularly well known [22] . However, some recent data have also demonstrated their involvement in unconventional pathways able to determine matrix degradation [4] .
Furthermore, the TGF-isoforms exhibit both overlapping and divergent properties, as evidenced principally in embryogenetic studies. In particular, TGF-2 knockout mice are characterized to die perinatally and display a wide range of developmental defects, including cardiovascular, pulmonary, skeletal, ocular, inner ear, and urogenital manifestations [23] [24] [25] . Haplo-insufficient TGF-2 mice have aortic root aneurysm and biochemical evidence of increased canonical and no canonical TGF-signalling [26] . These observations led Maleszewska and colleagues to suggest the crucial role of TGF-2 in the vascular remodelling [27] . They particularly urderlined that, in presence of a low grade chronic inflammation of the cardiac and vascular tissues, the TGF-2, interacting with other cytokines as interleukin-1B, might modify and remodel vascular aorta tissues inducing endothelial cells forward mesenchymal transition (EndMT). EndMT represents a central mechanism in cardiac valve embryogenesis, which in pathological condition might determine cardiac fibrosis. women patients compared to women of the two control groups ( = 0.003), in particular compared to healthy controls ( < 0.0001).
Actually, immunohistochemistry analysis of TAA aneurysms demonstrated that both the media and adventitia from patients with Marfan syndrome and familial TAAs, as well as from sporadic cases with or without dissections or BAV diseases, are characterised by infiltration of inflammatory cells [27] . This inflammatory condition might contribute to the pathogenesis of TAA [3, [28] [29] [30] [31] [32] [33] [34] [35] .
In the light of these observations, we assessed the role of five genetic variants of TGF-pathways (TGF-1 and 2 isoforms and R1 and R2 receptors) in sporadic TAA. Interestingly, the most relevant finding of the present study allows proposing that rs900 TGF-2 SNP is associated with sporadic TAA in women. On the other hand, recent reports assigned a direct or an indirect central role to TGF-2 and its genetic variants in the pathogenesis of both syndromic and familial TAAs [3, 21, [28] [29] [30] [31] [32] [33] [34] [35] . In addition, it has been reported that mutations in the TGFBRII genes deregulate the TGF-2 signalling pathway involved in TAA pathogenesis [3, [28] [29] [30] [31] [32] [33] [34] [35] . TGF-2 gene mutations have been found in familial TAAs and dissections associated with mild systemic features of Marfan syndrome, Loeys-Dietz syndrome and in TAA and dissection associated with mitral valve disease [3, [28] [29] [30] [31] [32] [33] [34] [35] . In these diseases, the TGF-2 dependent EndMT might play a role. In spite of these findings, the exact role of TGF-2 in TAA pathogenesis is not clear. In particular, both the loss of function genetically determined and the "paradoxical" augment in the downstream TGF-signaling pathway might be important for TTA development [14] .
However, to our knowledge, no literature data exist about the role of genetic variants of TGF-2 pathway in sporadic TAAs. Thus, this is the first report that identified a common and functional TGF-2 SNP, the rs900 SNP, as genetic risk marker for sporadic TAA. The rs900 SNP is located at the 2814 position downstream of the TGF-2 gene coding region.
Scanning allelic rs900 sequences for UTR structural motif using an online tool (http://itbtools.ba.itb.cnr.it/utrscan) has shown that the T allele introduces a new open reading frame ATG in the 3 UTR region of TGF-2 gene that potentially might interfere with ribosomal translation. This may allow hypothesising that the rs900 T allele may interfere with the rate of protein production.
Limitations and Conclusions
As reported above, TAAs occur most frequently in Caucasians than in other ethnic groups and they afflict men two to four times more frequently than women [4] . As consequence, our results, suggesting that rs900 TGF-2 SNP might be one of genetic factors involved in the woman susceptibility for TAA, might open new perspectives for the analysis of sporadic TAA susceptibility factors and prevention. Actually these findings obtained in this relatively small study, which need certainly to be confirmed in larger populations of different genetic background, might prompt studies on gender oriented pharmacological strategies to prevent TAA development in predisposed subjects.
